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Th is  paper descr ibes t h e  needs f o r  computer ized s t r u c t u r a l  mechanics (CSM) as 
seen from t h e  s tandpo in t  o f  t h e  a i r c r a f t  i n d u s t r y .  I t  p r o j e c t s  these needs 
i n t o  t h e  1990's w i t h  spec ia l  focus on t h e  new advanced m a t e r i a l s .  It i d e n t i -  
f i e s  t h e  major areas: 
0 p r e l i m i n a r y  des ign /ana lys is  
research 
0 d e t a i l  des ign /ana lys is  
and e labora tes  on t h e  r o l e  o f  l o c a l / g l o b a l  analyses i n  these d i f f e r e n t  areas. 
The lessons learned i n  t h e  past a re  used as a bas is  f o r  t h e  design o f  a CSM 
framework t h a t  c o u l d  modi f y  and consol i date  e x i  s t i  ng techno1 ogy and i n c l  ude 
f u t u r e  developments i n  a r a t i o n a l  and u s e f u l  way. 
A phi losophy i s  s ta ted ,  and a s e t  o f  analyses needs d r i v e n  by t h e  emerging 
advanced composites i s  enumerated. The r o l e s  o f  NASA, t h e  u n i v e r s i t i e s ,  and 
t h e  i n d u s t r y  a re  i d e n t i f i e d .  
F i n a l l y ,  a s e t  o f  r a t i o n a l  research t a r g e t s  i s  recommended based on both t h e  
new types o f  computers and t h e  increased complex i ty  t h e  " i n d u s t r y "  faces. 
Computerized s t r u c t u r a l  mechanics should be more than new methods i n  
s t r u c t u r a l  mechanics and numerical analyses. It should be a s e t  o f  engineer-  
i n g  a p p l i c a t i o n s  so f tware  products  t h a t  combines i n n o v a t i o n s  i n  s t r u c t u r a l  
mechanics, numerical  ana lys is ,  data processing, search and d i s p l a y  fea tures ,  
and recent  hardware advances and i s  organized i n  a framework t h a t  d i r e c t l y  
supports t h e  des i  gn process. 
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There are two aspects t o  t h e  development o f  engi n e e r i  ng appl i c a t i o n s  sof tware:  
(1) i nnovat i  ons and ( 2 )  improvements i n  t h e  p r o d u c t i  v i  t y  o f  engineers . 
While t h i s  paper concentrates on t h e  f i r s t  aspect, i t  i s  s t i l l  impor tan t  t o  
consider  t h e  p r o d u c t i  v i  t y  aspect i n  t h e  development o f  new methods because t h e  
so f tware  u l t i m a t e l y  w i l l  be p a r t  o f  t h e  s e t  o f  t o o l s  used i n  t h e  design o f  
a i  r c r a f t  s t r u c t u r e s .  
Structural Analysis Needs 
for the Aircraft Industry 
0 New capabilities 
Concepts 
Materials 
Details 
0 Improved productivity 
Engineering workstations 
Tutorial software 
CAD/CAM interfaces 
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New non-duc t i le  m a t e r i a l s  have entered t h e  scene and w i l l  be p a r t  o f  t h e  
p i c t u r e  f o r  a l o n g  t i m e  t o  come. These m a t e r i a l s  r e q u i r e  more d e t a i l e d  analyses 
no t  on ly  because of mic ro-cons idera t ions  and i n t e r l a m i n a r  e f f e c t s  b u t  a l s o  
because o f  t h e i r  u n f o r g i v i n g  na ture  which e n t a i l s  a s i g n i f i c a n t  p a r t i c i p a t i o n  
o f  "secondary" e f f e c t s  i n  t h e  f a i l u r e  modes. The complex d e f i n i t i o n  of these 
m a t e r i a l s  and t h e i r  responses r e q u i r e d  t o  i d e n t i f y  behavior  has r e s u l t e d  i n  a 
l a r g e  inc rease i n  t h e  i n f o r m a t i o n  volumes f o r  process ing of a t y p i c a l  a i r c r a f t  
problem i n  t h e  s t r u c t u r e s  f i e l d .  
A t  t h e  same t ime, we have seen t i g h t e n i n g  up o f  requirements no t  o n l y  i n  terms 
o f  adverse environment b u t  a l s o  i n  terms o f  improved q u a l i t y .  I n  both cases 
t h i s  t i g h t e n i n g  r e s u l t s  i n  a need f o r  more s o p h i s t i c a t e d  analyses. 
The general  areas o f  computing technology and i n f o r m a t i o n  science have seen 
dramat ic  changes i n  both hardware and software.  There have been hardware 
changes t h a t  c o u l d  be par layed i n t o :  (1) o p t i m i z a t i o n  o f  s t r u c t u r e s  w i th  
p r a c t i c a l  c o n s t r a i n t s ,  ( 2 )  n o n l i n e a r  analyses a t  reasonable cost ,  and 
( 3 )  m i  cro-analyses a t  acceptable s torage requ i  rements. Developments have 
occur red  i n  t h e  f i e l d  o f  data process ing t h a t  make data base management a 
n a t u r a l  corners tone i n  t h e  f u t u r e  o f  CSM. 
ments i n  t h e  f i e l d s  o f  graphics and CAD/CAM which would make t h e  establ ishment  
o f  s tandard ized user  i n t e r f a c e s  e x t r a o r d i n a r i l y  u s e f u l  both from t h e  stand- 
p o i  n t  o f  techno1 ogy and management. 
F i n a l l y ,  t h e r e  have been develop- 
Motivation for Increased Development 
Advanced composites 
Higher complexity 
More unforgiving 
Larger information volumes 
More stringent requirements 
Lighter weights 
Higher temperatures 
Longer lives 
Improved computing technology 
Numerical methods 
Data processing/search and display 
CAD/CAM 
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The on ly  r e s u l t  o f  s i g n i f i c a n c e  i n  t h e  a i r c r a f t  i n d u s t r y  i s  t o  produce a new 
" b e t t e r "  a i r c r a f t .  Any o t h e r  r e s u l t  i s  i n t e r m e d i a t e  and w i l l  on ly  be accept-  
ab le  i f  i t  c o n t r i b u t e s  t o  t h i s  improvement. The success o f  CSM i s  t h e r e f o r e  
c o n t i  ngent on t h r e e  ab i  1 i t i  es : 
e To promote and suppor t  new technology i n  t h e  f i e l d s  o f  s t r u c t u r e s ,  
numerical methods, and data process ing 
To i n c l u d e  and improve methods i n  t h e  p r e l i m i n a r y  des ign and a n a l y s i s  o f  
new a i r c r a f t s  ( t h e  need t o  develop and r e f i n e  conceptual methods f o r  
t h e  s e l e c t i o n  and comparisons o f  s o p h i s t i c a t e d  candidates w i t h  no 
exper ience bas is  should be a s t r o n g  d r i v e r  i n  goal s e t t i n g )  
e 
To i n t r o d u c e  new rnechods and i n t e g r a t e  these methods i n  a framework t h a t  
can produce t h e  v i s i b i l i t y ,  data reduct ion,  and s o p h i s t i c a t i o n s  t h a t  
a r e  necessary t o  support  a p roduc t ion  e f f o r t  i n  a new era 
What Constitutes Success? e Better aerospace vehicles 
I) Therefore "CSM" must 
Support technology development 
Provide NEW preliminary design and analysis methods 
Automate detail design and analysis methods 
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The successfu l  development o f  new methods i n  computerized s t r u c t u r a l  mechanics 
r e q u i r e s  an understanding o f  t h e  psychology o f  t h e  s i t u a t i o n .  
1. An e f f i c i e n t  method t h a t  supports t h e  needs o f  t h e  i n d u s t r y  must be 
es tab l i shed.  
2. A p r a c t i c a l  i n p u t  and ou tpu t  language must be used. 
3. A s e t  o f  u s e f u l  user i n t e r f a c e s  must be a v a i l a b l e .  
4. An a p p r o p r i a t e  amount o f  v i s i b i l i t y  and data r e d u c t i o n  f e a t u r e s  should 
be provided. 
5. A r e a l i s t i c  marke t ing  e f f o r t  should be launched. 
6. A developer  and user i n t e r a c t i o n  i s  required. 
Yardstick for Success for CSM 
Computerized methods development 
will not be successful unless 
the new “product” is to tally acceptable 
to the users 
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The CSM framework should be designed and implemented w i t h  common design ques- 
t i o n s  i n  mind. O f  these, t h e  ques t ion  o f  m a t e r i a l  choice and mix i s  very  
complex. An optimum d i s t r i b u t i o n  o f  m a t e r i a l s  i n  t h e  pr imary s t r u c t u r e  o f  an 
a i r p l a n e  i s  dependent on t h e  c r i t i c a l  f a i l u r e  modes. Is i t  s t r e n g t h  ( i n  
tens ion) ,  s t a b i l i t y ,  f a t i g u e ,  damage to le rance,  o r  s t i f f n e s s  requirements t h a t  
s i z e  a l o c a l  d e t a i l ?  Again, i t  can be seen how a g l o b a l / l o c a l / g l o b a l  c y c l e  
must be used t o  come t o  g r i p s  w i t h  t h i s  design problem. A l l  t h e  design 
d r i v e r s  a re  c l o s e l y  r e l a t e d ,  and t h e  ques t ion  of environment i n v o l v e s  t h e  
de terminat ion  o f  temperature, mois ture,  presence of chemical, cor ros ion ,  and 
r i s k s  o f  FOD*. 
The performance requirements,  such as speed, l o a d  fac to rs ,  r o l l  ra tes ,  and 
l a n d i n g  speeds, a l l  a re  very bas ic  and need t o  be addressed again i n  a l o c a l /  
g loba l  fash ion.  
process and evolve i n  a c y c l i c  manner as t h e  l o c a l / g l o b a l  analyses o f  t h e  
s t r u c t u r e  mature. 
These e f fec ts  need t o  be assessed a t  l e a s t  on a p a r a l l e l  t r a c k .  
F i n a l l y ,  design c r i t e r i a  a re  l l s o f t "  e a r l y  i n  t h e  design 
What are the Structural Design Drivers? 
Material choice and mix 
Strength 
Stiffness 
Damage tolerance 
Fatigue performance 
Environment 
Performance requirements 
Design criteria 
* f o r e i g n  o b j e c t  damage 
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There are  t h r e e  f i e l d s  o f  s t r u c t u r e s  t h a t  have t o  be i n c l u d e d  i n  order  t o  g i v e  
a t t e n t i o n  t o  a l l  t h e  aspects o f  eng ineer ing  design i n  t h e  a i r c r a f t  i n d u s t r y .  
The f i r s t  o f  these f i e l d s  i s  t h e  research a c t i v i t y  t h a t  leads t o  a new tech-  
nology and a b e t t e r  understanding o f  t h e  i n g r e d i e n t s  i n  t h e  design process. 
The second f i e l d  i s  t h e  p r e l i m i n a r y  design and a n a l y s i s  t h a t  leads t o  t h e  
s e l e c t i o n  o f  t h e  a p p r o p r i a t e  f a m i l y  o f  veh ic les  o r  products.  Both syntheses 
and analyses on one s i d e  and parameters and v a r i a b l e s  on t h e  o t h e r  a r e  i n -  
vo lved i n  t h i s  des ign and ana lys is .  
Research 
Preliminary Design (Pilots) 
The t h i r d  f i e l d  i s  t h e  d e t a i l  design and ana lys is ,  o f  which perhaps t h e  l o c a l l  
g loba l  concept i s  more a p p l i c a b l e  than anywhere e lse.  Here t h e  o b j e c t i v e  i s  
t o  l e a r n  as much as p o s s i b l e  about a s p e c i f i c  design candidate.  The demands 
are  e s p e c i a l l y  s t r i n g e n t  on CSM t o  i n c l u d e  f e a t u r e s  t h a t  f a c i l i t a t e  da ta  
r e d u c t i o n  and d i s p l a y  as w e l l  as s o p h i s t i c a t e d  l o c a l  analyses methods. 
Production 
(Detail Design) 
CSM, What Should be Included? 
c 
Optimization Trade-Studies Synthesis Detail Design 
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Local-Global Sensitivities Analysis Optimization 
Parameter 
Evaluation Local-G lobal 
LocaCGlobal Error Estimation 
The overwhelming requi  rement i n  t h e  p r e l i m i n a r y  design and a n a l y s i s  phase 
deals w i t h  syn thes is  methods t h a t  d i s c r i m i n a t e  between parameters and v a r i  - 
ables i n  t h e  design process and makes i t  p o s s i b l e  t o  study a l t e r n a t i v e  
formul  a t i  ons. 
Preliminary Design and Analysis 
.Access to expert system data base (trade study 
results) 
Parametric results from local-global analyses as 
baseline for optimization 
Determination of sensitivities (data base) 
Algorithms for parameter determinations and 
variable selections 
Strategy algorithms, history function 
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The r o l e  o f  research i n  t h e  CSM arena i s  c e n t r a l  and i t s  p r imary  purpose i s  t o  
promote b e t t e r  understanding o f  t h e  m a t e r i a l s  and s t r u c t u r e s  techno log ies  
r e q u i r e d  t o  produce b e t t e r ,  veh ic les .  
s i g n i f i c a n t  development i n  (1) s t r u c t u r a l  and continuum mechanics, 
( 2 )  numerical  methods, and ( 3 )  f a i l u r e  p r e d i c t i o n  and t e s t  eva lua t ion .  T h i s  
must be done i n  a framework t h a t  a l lows f o r  empi r i c ism t h a t  i s  s e n s i t i v e  t o  
user  needs, aims a t  syn thes is ,  and produces p i l o t  c a p a b i l i t i e s  w i t h  w e l l -  
d e f i n e d  i n t e r f a c e s .  
To t h a t  end, i t  i s  e s s e n t i a l  t o  have 
Research 
Phenomena evaluation for better understanding 
Special purpose detail analyses 
New numerical methods 
“Pilot ” development 
Test data evaluation methods 
Empirical corrections methods 
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The d e t a i l  design and a n a l y s i s  f i e l d s  have always been c h a r a c t e r i z e d  by l a r g e  
volumes o f  data. Th is  i s  becoming more and more t h e  case as t h e  new advanced 
composite m a t e r i a l s  a re  in t roduced i n t o  t h e  produc t ion  environment. 
cons ider  t h e  s imple problem o f  c a l c u l a t i n g  margins o f  safety . )  Th is  t o g e t h e r  
w i t h  more complex requirements and t h e  l e s s  f o r g i v i n g  na ture  o f  t h e  m a t e r i a l s  
has r e s u l t e d  i n  order-of-magnitude increases i n  data volumes i n  a d d i t i o n  t o  a 
myr iad o f  l o c a l  analyses methods demands. 
( J u s t  
Production (Detail Design and Analysis) 
Postprocessing, search and display (graphics) 
Strength checking (software for detail analyses) 
Management visibility and access 
Data base access (parametric representation ... allowables) 
Automated resize. (optimization), baseline updates 
Strategy for local-global analyses 
Error estimation 
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The CSM framework has t o  have an i n f o r m a t i o n  center  t h a t  supports t h e  l o c a l /  
g loba l  analyses and makes i t  p o s s i b l e  t o  combine a l l  aspects of theory,  
empir ic ism, t e s t  data, and c r i t e r i a .  
T h i s  data base should be such t h a t  i t  supports t h e  p r e l i m i n a r y  design, d e t a i l  
design, and research. 
Information Center (Data Base) 
Self educating expert system (better modeling, improved 
parameter evaluation, trade projections) 
Test data evaluation and empirical correction 
Sensitivities 
History writing 
Search and display 
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The b u i l d i n g  b locks  f o r  CSM are n a t u r a l l y  many and o f  very d i f f e r e n t  nature,  
bu t  t h e  c e n t r a l  core i n  a l o c a l / g l o b a l  system w i l l  have t o  be a s e t  o f  s p e c i a l  
purpose methods t h a t  i n  a very f l e x i b l e  way can be inc luded,  updated, and 
rep1 aced. 
What are the Building Blocks? 
interfaces 
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Without t h e  proper  d i s c i p l i n e  i n  t h e  s t r u c t u r i n g  and t a r g e t i n g  f o r  CSM, t h e r e  
i s  a s i g n i f i c a n t  r i s k  t h a t  spur-of-the-moment CSM designs w i l l  p r e v a i l .  Such 
designs w i l l  be avoided by a c e n t r a l  NASA l eadersh ip .  
Should the Philosophy be Uncontrolled Growth? 
THE ANSWER IS NO! + 
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From t h e  s tandpoint  
increased re1 i ance 
(1 oca1 ) analyses. 
should p rov ide  t h e  requ i  rements necessary t o  c u r t a i l  and reverse 
enaineer ina t rend.  A t  t h e  same t i m e  a number o f  qeneral systems 
budget 
/g1 oba 
o f  t h e  a i r c r a f t  i n d u s t r y ,  t h e  l a s t  20 years have seen an 
on h i g h l y  s p e c i a l  i z e d  exper ts  t o  per form spec ia l  purpose 
Th is  i s  an undes i rab le  development, and t h e  CSM framework 
t h i s  so f tware  
have emerged, 
needs, and 
communi ca- 
re iched m a h r i t y ,  expanded t o  a h i g h  l e v e l  o f  maintenance 
then stagnated. F i n a l l y ,  t h e  framework must p rov ide  l o c a  
t i o n s  and user  i n t e r f a c e s .  
Need from Users 
Present situation 
Increasing dependence on highly specialized 
experts 
General purpose systems in use require more 
user driven long term plans 
*As the present trend shows high main- 
tenance burden and early stagnation 
Proper framework for global to multi-local 
communications is missing 
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The s t  r a t e y y  f o r  t h e  1 ong-term CSM development cou ld  i n c l  ude: (1 ) i dent i f i ca- 
t i o n  o f  e x i s t i n g  so f tware  t h a t  can be m o d i f i e d  f o r  a new environment, (2 )  a 
p l a n  t h a t  i s  based on an e v a l u a t i o n  o f  i n d u s t r y  needs and exper ience w i t h  new 
o p e r a t i n g  systems, compi lers ,  hardware, and methods, (3) t h e  new hardware poten- 
t i a l  t h a t  must be p a r t  o f  t h e  p i c t u r e  when t a r g e t i n g  s p e c i a l  f i e l d s ;  o p t i m i z a -  
t i o n  i s  s t i l l  a cost /hardware cons t ra ined a c t i v i t y ,  and ( 4 )  emphasis t h a t  
should be based on t h e  p r i o r i t i e s  t h a t  come out  o f  i n d u s t r y  needs. NASA has a 
key r o l e  t o  p l a y  i n  p u l l i n g  a l l  these together .  
Strategy 
Plan that modifies and uses existing software where feasible 
Plans driven by what the industry presently knows 
Plan that recognizes new hardware potentials 
Plan that encourages more “applied research” into fields 
driven by industry needs 
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The 
issues t h a t  are e s s e n t i a l  t o  CSM development follow-through. F i r s t ,  t h e  s i z e  
o f  t h e  sof tware demand i s  such t h a t  a n a t i o n a l  commitment i s  necessary i f  t h e  
technology b e n e f i t s  a re  t o  be r e a l i z e d .  Second, a number o f  general-purpose 
s c i  e n t i  f i c systems and an assortment o f  speci  a1 -purpose sof tware have demon- 
s t r a t e d  t h e  need f o r  a framework designed t o  draw upon t h e  b e n e f i t s  o f  both. 
F i n a l l y ,  user  acceptance w i l l  depend on good v i s i b i l i t y  and easy access t o  
s o l u t i o n s  and r e s u l t s .  
requirements mentioned p r e v i o u s l y  t r a n s l a t e  i n t o  a se t  o f  o r g a n i z a t i o n a l  
Fundamental Organizational Issues 
The successful development of 
CSM requires central leadership 
CSM should provide the framework 
for unification of general/global and 
special/local methods 
Search and display algorithms and 
standardized user interfaces are as 
important as solutions 
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The backbone o f  t h e  CSM design approach i s  t h e  da ta  management, bu t  t h e  foun- 
d a t i o n  f o r  success can be found i n  t h e  q u a l i t y  o f  t h e  specia l -purpose methods 
and t h e  associated software.  
tance o f  these methods are  very dependent on a v a i l a b i l i t y  o f  r e q u i r e d  data, 
ease o f  i n t e r p r e t a t i o n  o f  r e s u l t s ,  and v i s i b i l i t y  of t h e  steps l e a d i n g  t o  t h e  
f i n a l  s o l u t i o n .  
Exper ience has shown t h a t  t h e  success and accep- 
The approach should a l s o  deal w i t h  t h e  present  t rends  i n  s t r u c t u r e s ,  i n  which 
on one hand we are  moving i n t o  f i e l d s  w i t h  very l i m i t e d  exper ience bases and 
on t h e  o t h e r  hand we produce i n n o v a t i o n  through p o i n t  design t e s t i n g .  We can 
address both s i t u a t i o n s  i n  a framework t h a t  not  on ly  accepts new methods w i t h  
ease bu t  a l s o  uses these methods f o r  exper ience development and e m p i r i c a l  
e v o l u t i o n .  
Could This be a “Better” Approach? 
Data communication 
Problem definition 
(analyseddesign strategy) 
Structural Preliminary Production 
analysis design (detail design) 
Research 
I I I I 
Search and 
display algorithms 
Ad hoc General purpose 
structural analysis software 
system 
data bases 
Requested 
results Learning module 
Parameter selection 
Empirical rules 
History and 
management 
visibility 
History and management visibility 
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The t y p i c a l  s i t u a t i o n  i n  t h e  s t r u c t u r e s  f i e l d  i n v o l v e s  a number o f  analyses 
t h a t  are d i r e c t e d  a t  d i f f e r e n t  l e v e l s  o f  r e s o l u t i o n .  These l e v e l s  w i l l  have 
t o  be r e v i s i t e d  a number o f  t imes d u r i n g  t h e  design process. 
t h e  des i  gn, t h e r e f o r e ,  obv ious ly  requ i  res a number o f  g l o b a l  - to-1 oca1 - t o -  
g loba l  t r a n s i t i o n s  i n v o l v i n g  huge da ta  volumes. The e f f i c i e n c y  o f  these 
t r a n s i t i o n s  r e q u i r e s  as much a t t e n t i o n  as t h e  methods development. 
The e v o l u t i o n  o f  
Lo cal-Glo bal Analyses 
Internal loads/global, overall FE analyses, stability, 
aeroelastic effects, flutter, ... 
Detail stress analysis (linear/nonlinear), “local” 
buckling, all0 wables processing, postbuckling 
analyses, interlaminar analyses, residual strength, 
damage tolerance analyses, fatigue analysis 
Local optimization, multilevel optimization, 
automated remodeling, ... 
Error estimation 
Microdetail-macro strategy (transitions) 
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An understanding o f  t h e  design d r i v e r s  leads t o  t h e  i d e n t i f i c a t i o n  o f  a number 
o f  f i e l d s  i n  which work should be done i n  o rder  t o  e f f i c i e n t l y  produce pre- 
l i m i n a r y  and f i n a l  designs. Here t h e  p r e l i m i n a r y  and f i n a l  design processes 
are  d i f f e r e n t  i n  focus, b u t  s i m i l a r  p r i n c i p l e s  cou ld  serve both e n t e r p r i s e s  
and emphasis should be g iven t o  synthes is-1 i ke fea tures .  
Development Support 
Determination of material development targets 
Selection of “best” structural materials (based on most important 
design drivers, and determine failure progression) 
Establishing environmental effects 
Determining an optimum set of performance requirements 
(temperature/speed, weight, load factor, ...) 
Exploration of sensitivities to variation in design criteria 
Multilevel strength, stress/stability analyses 
Multilevel optimization 
Pre- and postprocessing with search and display features 
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The framework f o r  CSM must be such t h a t  both ca tegor ies  o f  users/developers 
( t y p i c a l  engineers and e x p e r t s )  can be a l lowed t h e i r  proper i n f l u e n c e  i n  a 
manner t h a t  promotes n a t u r a l  r o l e s  and a1 1 ows f o r  organized communications o f  
both needs and r e s u l t s .  
What are We Aiming For? 
.A system for technology development and improved 
scientific understanding for experts 
.A system for preliminary design, detail design and 
analyses for typical engineers in production environments 
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The l o c a l / g l o b a l  a n a l y s i s  development i s  seen as a three-pronged e f f o r t  t h a t  
i n c l  udes : ( 1) advanced methods, (2 )  t y p i  c a l  engi  n e e r i  ng analyses, and 
( 3 )  data base and assoc ia ted  methods f o r  exper ience development. The advanced 
methods would p r i m a r i l y  be in tended f o r  exper t  eva lua t ions ,  bu t  could, i f  
p r o p e r l y  packaged, be i n c l u d e d  among t h e  t y p i c a l  engi n e e r i  ng analyses. The 
exper t  e v a l u a t i o n s  would produce d i r e c t  i n p u t  t o  t h e  o v e r a l l  des ign e f f o r t ,  
b u t  would a l s o  feed t h e  data base and i n d i r e c t l y  support  both paramet r ic  
e v a l u a t i o n s  and p r e l i m i n a r y  design approaches. The example problem represents  
a number o f  analyses t h a t  belong on t h e  l o c a l  l e v e l  and should be considered 
from t h e  des i  gn s tandpoi  n t .  
Local-Global Analysis 
data 
base I 
system 
Visibility 
I Test-empiricism-theory - 
U 
quality design 
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The example problem i n  t h e  contex t  shown i n  t h e  prev ious f i g u r e  represents  a 
number o f  analyses and syntheses. A l l  o f  these belong t o  t h e  l o c a l  o r  m i c r o  
l e v e l  when seen f rom t h e  s tandpo in t  o f  t h e  design process. A l l  o f  these, and 
a number o f  o thers,  are n a t u r a l  development ( research)  t a r g e t s  t h a t  a f t e r  
implementat ion should e i t h e r  d i r e c t l y  feed r e s u l t s  i n t o  t h e  " t y p i c a l "  
eng ineer ing  a c t i v i t y  o r  produce r e s u l t s  t o  t h e  l o c a l  data base f o r  f u t u r e  use 
o r  paramet r i  c access. A1 1 these devel opments should r e s u l t  i n  p i  1 o t  capabi 1 i - 
t i e s  o r  products  t h a t  i n  an ad hoc fash ion  would s a t i s f y  one o f  t h e  above two 
requirements.  
What are the Analyses for the Example Problem? 
0 Local failure modes and progression 
based on test, for correlation and 
empirical inputs 
0 Multilevel analyses: interlaminar, 
local damage growth, local influence 
of postbuckling 
Stability analyses 
Postbuckling 
0 Nonlinear material 
analyses 
response,. . . 
damages 
0 Flaw-growth for a number of 
0 Allowables determination 
Local optin 
5" 
nization 
Parametric representation and 
empirical input to data base 
0 Automated "remodeling" 
0 Screening for criticalities, 
0 "Gross" FE properties 
0 Residual stresses 
transition regions 
requirements 
' and 
critical 
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The example problem i s  one o f  many analogous l o c a l  problems t h a t  must be 
so lved as p a r t  o f  t h e  design process. Each one o f  these problems i s  so lved a 
number o f  t imes d u r i n g  t h e  e v o l u t i o n  o f  t h e  design. 
t o  min imize t h e  number o f  mic ro  eva lua t ions  and exper t  involvement i n  o rder  t o  
produce an e f f i c i e n t  design process. Th is  can be done by i n c l u d i n g  t h e  
r e s u l t s  on a communal exper ience bas is  i n  a way t h a t  supports t h e  p r a c t i c a l  
eng ineer ing  tasks.  
minimum involvement by exper ts .  I n  many types of problems, i t  w i l l  be 
necessary t o  i d e n t i f y  impor tan t  parameters and produce s o l u t i o n s  i n  advance i n  
a format t h a t  can be accessed i n  a data base management environment. Very 
s i m i l a r  cons idera t ions  apply  t o  t h e  a l lowab les  quest ion,  w h e t h e r ‘ i t  i s  pro-  
cess ing o f  m a t e r i a l  s t r u c t u r a l  a l lowables.  F i n a l l y ,  i n  t h e  f a i l u r e  p r e d i c t i o n  
development, one can see elements o f  t h e  o t h e r  types and here one can h a r d l y  
expect p r a c t i c a l  support  o f  t h e  design process w i t h o u t  a two- leve l  so f tware  
development t h a t  u l  i t m a t e l y  depends on empi r i  c a l  m o d i f i c a t i o n s .  
We are  t h e r e f o r e  f o r c e d  
Many o f  t h e  l o c a l  a n a l y s i s  packages must be designed f o r  
The Example Problem 
Local with “micro” requirements 
Local analyses with minimum expert requirements 
Basis for parameter selection 
Panel for allowables generation 
Candidate for failure prediction development 
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I n  conclusion, we f i n d  t h a t  t h e r e  are  a number o f  research t a r g e t s  w a i t i n g  f o r  
i n i t i a t i v e  from t h e  eng ineer ing  community. It has become c l e a r ,  however, t h a t  
t h e  m a j o r i t y  o f  these t a r g e t s  w i l l  be missed i f  not  approached from t h e  stand- 
p o i n t  o f  t h e i r  o v e r a l l  r o l e  i n  t h e  design process. It i s  a l s o  f e l t  t h a t  t h e  
o b j e c t i v e s  w i l l  no t  be met w i t h o u t  a proper  technology t r a n s f e r  t o  t h e  users.  
This  n a t u r a l l y  i n v o l v e s  bo th  t h e  so f tware  packaging and t h e  promot ional  
a c t  i v i  t y  necessary f o r  d i  ssemi n a t  i on. 
Conclusions 
Research should include 
Analysis methods (nonlinear, advanced materials,... 
structures) 
Numerical methods 
Artificial intelligence 
Search and display/data processing 
Emphasis on technology transfer to industry 
48 
NASA has a key r o l e  i n  t h e  development o f  CSM f o r  t h e  1990's and beyond. 
n a t i o n a l  e f f o r t  i s  r e q u i r e d  i f  new m a t e r i a l s  (composi tes),  new computers, new 
methods, and new requirements are t o  be addressed i n  a manner t h a t  e s t a b l i s h e s  
economic advances' and preserves t h e  s u p e r i o r  s a f e t y  record  e s t a b l i s h e d  by t h e  
a i r c r a f t  i n d u s t r y .  NASA has a r o l e  not  o n l y  i n  leadersh ip  bu t  a l s o  as com- 
municator  assur ing  technology t r a n s f e r  and promot ing user acceptance. 
A 
Recommendations 
Clear interfaces 
0 Standardization 
.Standing committee 
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